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Abstract 
For more than 50 years, predicting corporate bankruptcy has been a critical topic of global interest 
resulting in significant research devoted to the development and refinement of corporate bankruptcy 
prediction models.  However, most studies overwhelmingly concentrated on using single period’s 
information to identify bankruptcy risks and very few studies investigated the role of previous 
information in prediction models.  This gap induced this study to construct a rolling-logit model, which 
uses of present and previous information and validate its performances in predicting TSE (Taiwan 
Security Exchange) corporate bankruptcy.  The empirical results demonstrated the rolling-logit model, 
compared to the benchmark model, exhibited higher overall accuracy.  The successful performance was 
attributed to a recall mechanism which allows the model to capture previous information that measures 
a corporation’s risks based upon consistent information across time. 
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1. Introduction 
The topic of bankruptcy prediction models is an important issue for finance. An accurate 
prediction model not only assists banks and institutional investors objectively to assess credit risks of 
investments, but also may reduces the adverse impacts of bankruptcies on an economy.  For specific 
interests and purposes, many scholars made efforts in applying various methods to develop prediction 
models, such as Beaver (1966), Altman (1968, 1983, 1993), Deakin(1972), Ohlson(1980), 
Zavgren(1985), Gelbert, Menon and Schwartz (1990),  Odom and Sharda (1990), Charalambous, 
Charitou and Kqourou (2000) and Charitou, Neophytou and Charalambous (2004).  Significant 
researches have been devoted to the development and refinement of corporate bankruptcy prediction 
models, but most corporate prediction studies overwhelmingly concentrated on using single period 
information to identify bankruptcy risks. Subjecting to single period data, most prediction models 
conveyed a limited amount of information and provided inconsistent decision criteria for the analyst 
(Morris, 1997).  This gap induced Morris (1997) to construct a rolling-logit model which proved its 
validity in predicting UK listed corporations. The results of Morris (1997) encouraged Um (2001) to 
adopt the same method in assessing credit risks of corporations for different countries. In the contrast, 
Um (2001) found that the method was not applicable in Korea Security Exchange. This inconsistency 
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suggested a need for more research efforts to ascertain the predictive ability of a rolling-logit prediction 
model.  Furthermore, there was a lack of empirical studies which adopted the rolling-logit method to 
construct a model in predicting the bankruptcy of Taiwanese corporations. This inconsistency 
suggested a need for more research efforts in ascertaining the predictive ability of this method when 
applying to other security markets.  
2.  Research Design 
A quantitative, non-experimental, predictive and secondary research design was conducted to 
examine whether the rolling-logit prediction model based can exhibit an effective ability to predict 
impending bankruptcy for companies listed in the Taiwan TSE market. This study selected the method 
of rolling-logit base due to the following advantages. The first advantage of rolling-logit analysis, the 
same as logit analysis, is that it can provide more robust and reliable results since it does not require the 
normality assumption for variables (Ohlson, 1980; Zavgren, 1985; Gilbert et al., 1990; Morris, 1997). 
This advantage makes rolling-logit analysis appropriate for this study as most financial ratios do not 
follow normal distribution. The second advantage is that the predicted variable (the occurrence of 
corporate bankruptcy) falls within (0, 1) distribution. The probability characteristic thus can provide a 
more intuitive relationship between predictor variables and the probability of corporate bankruptcy. 
The third advantage is that the recall mechanism of the analysis can capture the information of 
predictor variables in the previous period. Through the recall mechanism, the rolling-logit model can 
assess the probability of corporate bankruptcy based on not only present but also previous information 
(Morris, 1997).  
2.1.  Matching design and data collection 
This study used a non-probability, purposive matched sampling plan to collect data.  The 
sampling approach identified a group of bankrupt corporations and then selected a corresponding 
number of non-bankrupt corporations. A matched-pair procedure was used in most studies, but there 
was still a lack of general guidelines on the number of non-bankrupt corporations to include in the 
matched technique. Regarding this issue, Pinches (1980) and Zavgren (1983) concluded that the 
matched-paired technique is appropriate, for the reason that uneven sample size usually affects the 
results of classification. Based on the arguments from Pinches (1980) and Zavgren (1983), this study 
used the matched-pair method to obtain samples of bankrupt and non-bankrupt listed companies in the 
TSE market from 1999 to 2005 and then collected the corresponding data of predictor variables. 
2.2. The operational definitions of variables  
The predicted variable in this study was a binary variable that represents the status of a company 
during the observation period. According to the definition of bankruptcy in this study, a listed company 
was indicated as 1 when the company was declared to be de-listed or under special arrangements by the 
authority in the TSE based on specific reasons. A non-bankrupt listed company was represented by 0.  
As suggested from the literature review, this study used these four groups of financial ratios and 
previous bankruptcy probability as predictor variables, which measure the impact of internal and 
external factors on the bankrupt probability of each sampled company. The four groups of financial 
ratios are profitability, liquidity, leverage and performance ratios. The profitability ratios includes 
return on assets (ROA) and return on equity (ROE), which measures the effect of managerial decisions 
on a companyÿs productivity and the competitiveness of the company in the market (Tamari, 1978; 
Altman, 1968, 1993; White et al., 1994; Morris 1997, Falkenstein et al., 2000). The liquidity ratios 
could be referred a company’s capabilities to meet its matured obligations without having to liquidate 
its long-term assets, or cease operations. The liquidity ratios are comprised of four variables, current 
ratio, quick ratio, the ratio of cash to current liabilities, and the ratio of working capital to total assets. 
Third, the performance ratios could be used to examine the efficiency of a company in using it assets to 
generate income and the capacity of management in dealing with competitive conditions The 
performance ratios in this study were comprised of three variables, total asset turnover rate, inventory 
turnover rate, and accounts receivables turnover rate. Finally, there is a unique variable in rolling logit 
model, previous bankruptcy probability (PBP) was referred to an indicator capturing incremental 
information over a period of time prior to failure (Morris, 1997) 
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3. Methods of Data Analysis and Empirical Results 
3.1. Component analysis 
Based on the TEJ database, there were a total of 52 companies as bankrupt TSE corporations in 
this study from 1999 to 2005.  After identifying the group of bankrupt TSE companies, the study 
proceeded in match-paired procedure to select a group of non-bankrupt TSE companies with the ratio 
1:1.  This match-paired procedure resulted in a total of 104 sample corporations in the subsequent 
analysis. With the collected data, this study first performed the principle component analysis to extract 
factors to represent the financial condition of sampled companies.   
As indicated in Table 1, four components with an eigenvalue larger than 1 were extracted 
through the component analysis with varimax rotation, which explained 71.32% of total variance of 
collect financial ratios.  Meanwhile, each extracted component charted different financial attributes of a 
corporation when examining the compositions and the signs of their factor loadings in each component.  
The first component indexed the debt-payment ability, which was comprised of the three liquidity 
ratios (CR, QR & CCL) and one leverage ratio (DR) with factor loadings, 0.634, 0.817, 0.714, and -
0.709.  The positive factor loadings for the liquidity ratios indicated there is a positive relationship 
between liquidity ratios and a corporation’s debt-payment ability. The negative factor loading for the 
leverage ratio indicated reverse relationships between the leverage ratio and a corporation’s debt-
payment ability.  The reverse relationship suggested that a company with higher leverage exhibits 
lower debt-payment ability for its creditors.  Similarly, the second component was another measure to 
index a corporation’s debt ability, which consisted of different compositions, the other two liquidity 
ratios (CR & WCTA) and one leverage ratio (FAR) with factor loadings, 0.631, 0.881, and -0.838.   In 
addition, the third component indexed the profitability of a corporation, which was a composite of the 
two ratios of ROA and ROE with positive factor loadings, 0.815 and 0.912.  Finally, the fourth 
component indexed the performance ability of a corporation, which comprised three ratios of ARTR, 
TATR, and ITR with factor loadings, 0.722, 0.790, and 0.473.  As stated in the studies of Pinches 
(1980), Zavgren (1985), and Ezzamle et al. (1987), the principal component analysis provided 
independent components which represented the debt-payment, profitability, and performance abilities 
of TSE corporations. Hence, these extracted four components were used in the subsequent analysis. 
 
Table 1. Principal component analysis for the collected financial ratios  
 Factor loading Community 
 1 2 3 4 
Profitability Ratios      
ROA   0.815  0.861 
ROE   0.912  0.845 
Liquidity Ratios      
CR 0.634 0.631   0.814 
QR 0.817    0.797 
CCL 0.704    0.602 
WCTA  0.881   0.882 
Leverage Ratios      
DR -0.709    0.688 
FAR  -0.838   0.705 
Performance Ratios      
ARTR    0.722 0.566 
TATR    0.790 0.678 
ITR    0.473 0.403 
Eigenvalues 2.354 2.247 1.785 1.460 -- 
% of Variance 21.396 20.423 16.225 13.270 -- 
 
3.2. Rolling-Logit prediction model estimation 
With regard to the four extracted components and the variable of PBP, this research constructed a 
rolling-logit model presented in the form of: 
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p )
1
ln(  : Bankruptcy probability of an TSE corporation  
C1t: Component 1 indexing the earning ability of a TSE corporation 
C2t: Component 2 indexing the debt-payment ability of a TSE corporation 
C3t: Component 3 indexing the liquidity and performance of a TSE corporation 
C4t: Component 4 measuring the performance and liquidity ability of a TSE corporation 
PBP: Previous bankruptcy probability of a TSE corporation 
According to the research design developed in this study, 104 TSE corporations from 1999 to 
2005 were used to estimate the rolling model and coefficients of the predictor variables through the 
Jacknifing method. Table 2 presented the results of the rolling-logit prediction model estimation 
through the Jacknifing method in the four years prior to bankruptcy. The model Chi-square value was a 
measure to test the overall significance of the rolling-logit prediction model with the null hypothesis, 
β1=β2=β3=β4=β5=0 at each year. The p-values of the model Chi-square tests indicated that the null 
hypothesis for each year was rejected at the 0.01 significance level, and demonstrated that rolling-logit 
prediction model exhibited significant explanatory ability to distinguish bank rupt TSE corporations 
from non-bankrupt TSE corporations as early as four years prior to bankruptcy. 
 
Table 2.  The rolling-Logit prediction model estimation through the Jacknifing method 
 Predictor variables Model chi-
square value Ca C1 C2 C3 C4 PBP 
T=-1      
Coefficient -3.237 -1.764 -1.583 -3.313 -1.848 0.925 109.666 
p-value 0.007 0.002 0.032 0.030 0.307 0.020 0.000 
T=-2      
Coefficient -0.275 -.925 -0.034 -1.960 -0.722 0.753 66.644 
p-value 0.492 0.009 0.901 0.005 0.316 0.004 0.000 
T=-3      
Coefficient -0.197 -0.744 -0.012 -2.446 -1.593 0.364 50.725 
p-value 0.596 0.021 0.961 0.002 0.025 0.383 0.000 
T=-4      
Coefficient -0.138 -0.632 -0.041 -0.819 -1.167 --a 22.777 
p-value 0.624 0.016 0.852 0.110 0.013 -- a 0.001 
a In this study, the rolling-logit model estimation began at four years prior to bankruptcy, so the coefficient of 
PBP was not reported at this year. 
 
Furthermore, the results of Wald tests, which provide to examine the statistical significance of 
predictor variables, were also reported in Table 2. At the 0.05 significance level, the significance tests 
on the coefficients consistently revealed that the component C1 (comprising three liquidity ratios and 
one leverage ratio) and component C3 (comprising two profitability ratios) were significant across 
most periods in the two prediction models.  The results of coefficient tests suggested that the factors of 
debt-payment ability and profitability could be critical factors in distinguishing bankrupt corporations 
from non-bankrupt corporations.  The results supported the findings of Ohlson (1980), Zavgren (1983), 
Altman (1968 & 1993), Hill et al. (1996). Finally, the variables of PBP were also estimated in the 
rolling-logit prediction model.  Based on the estimation results of the PBP, this study found that the 
PBP had positive associations with the present probability of corporate bankruptcy.  The positive 
relationships suggested higher previous default risks for a firm would lead to deterioration in its present 
earnings, performance, and debt-payment abilities and increase its present bankruptcy probability.  
However, the significance test showed that the recall mechanism was significant in discriminating 
between bankrupt and non-bankrupt TSE corporations until two years prior to bankruptcy.  The results 
concerning the significance of the recall mechanism partially confirmed to Morris’ (1997) study.  In 
Morris’ (1997) study, the recall mechanism was a significant factor throughout the observation period.  
564   Chialiang Lin and Tusnlih Yang /  Procedia - Social and Behavioral Sciences  57 ( 2012 )  560 – 565 
The inconsistency in this study implied that the training periods could be a critical issue for developing 
the rolling-logit prediction model.   
3.3. Predictive performance comparisons 
The predictive performance is evaluated by percentage in the terms of type I error, type 
II error, and overall accuracy.  Because the recall mechanism of the rolling-logit model began 
at three years prior to bankruptcy, this study summarized and compared the predictive 
performances between the rolling-logit prediction model and the logit prediction model at one, 
two, and three years before bankruptcy.  With the cutoff value at 0.5, the rolling-logit model 
exhibited 94.23%, 83.65%, and 74.04% overall accuracy at one, two, and three years before 
bankruptcy.  Meanwhile, the type I errors were 3.85%, 15.38%, and 26.92%, and the type II 
errors were 7.69%, 17.31%, and 25% in the corresponding years.  Regarding the predictive 
performance of the logit model, the model showed 90.38%, 80.76%, and 73.07% overall 
accuracy at one, two, and three years before bankruptcy.  The type I errors of this model were 
11.53%, 17.31%, and 26.92%, and the type II errors were 7.69%, 21.15%, and 26.92% at one, 
two, and three years before bankruptcy. 
As indicated in Table 3, the rolling-logit prediction model, when compared to the logit 
prediction model, exhibited higher overall accuracies and lower misclassification errors for 
the sample TSE corporations at each of the three years before bankruptcy. The comparison 
results indicated that the rolling-logit prediction model showed the higher predictive 
performance in discriminating between bankrupt corporations and non-bankrupt corporations 
in Taiwan TSE market. Table 3 summarized the predictive performance comparisons between 
the rolling-logit prediction model and the logit prediction model. 
 
Table 3  Predictive Performance Comparisons  
 Type I error Type II error Accuracy 
T=-1    
 Rolling-logit model 3.85% 7.69% 94.23% 
 Logit model 11.53% 7.69% 90.38% 
T=-2    
 Rolling-logit model 15.38% 17.31% 83.65% 
 Logit model 17.31% 21.15% 80.76% 
T=-3    
 Rolling-logit model 26.92% 25.00% 74.04% 
 Logit model 26.92% 26.92% 73.07% 
 
4. Conclusions 
The results of the predictive performance comparisons showed that the rolling-logit 
prediction model exhibited higher predictive accuracies when compared to the logit prediction 
model. The successful performances of the rolling-logit prediction model were attributed to 
its recall mechanism, which supported the rolling-logit prediction model to measure a TSE 
corporation’s bankruptcy risks based upon consistent information across time. Therefore, the 
results confirmed to Morris’ (1997) study, and validated the method of rolling-logit in 
predicting corporate bankruptcy for Taiwan TSE market.  However, this study had limitations 
and the limitations suggested that future researches could validate its applicability in other 
stock markets or select other explanatory variables in order to enhance the model’s predictive 
ability. 
References 
[1] Altman, E. I. (1968). Financial ratios, discriminant analysis and the prediction of corporate 
bankruptcy. The Journal of Finance, 23(4), 589-609. 
565 Chialiang Lin and Tusnlih Yang /  Procedia - Social and Behavioral Sciences  57 ( 2012 )  560 – 565 
[2] Altman, E. I. (1983). Corporate financial distress: A complete guide to predicting, avoiding, and 
dealing with bankruptcy.  New York: NY, John Wiley and Sons, In. 
[3] Altman, E. I. (1993). Corporate financial distress and bankruptcy. New York: NY, John Wiley and 
Sons, In. 
[4] Beaver, W. H. (1966). Financial ratios as predictors of bankruptcy. Journal of Accounting Research 
4, 71-111. 
[5] Charalambous, C., Charitou, A., and Kaourou, F. (2000). Comparative analysis of artificial neural 
network models: Application in bankruptcy prediction. Annals of Operations Research 99(1), 403-
425. 
[6] Charitou, A., Neophytou, E., and Charalambous, C. (2004). Predicting corporate failure: Empirical 
evidence for the UK. European Accounting Review 13(3), 465-497. 
[7] Deakin, E. B. (1972). A discriminating analysis of predictors of business failure.  Journal of 
Accounting Research 10(1), 167-179. 
[8] Ezzamel, M., Brodie, J., & Mar-Molinero, C. (1987). Financial patterns of UK manufacturing 
companies. Journal of Business Finance and Accounting, 14(4), 517-533. 
[9] Falkenstein, E., Boral, A., and Cartey, L. (2000).  RiskCalcTM for private companies: Moody’s 
default model.  Moody’s Investor Service: Global Credit Research, May, 3-86.  
[10] Gilbert, L. R., Menon, K., & Schwartz, K. B.  (1990).  Predicting bankruptcy firms in financial 
distress.  Journal of Business, Finance & Accounting, 17(1), 161-171. 
[11] Hill, N. T., Perry, S. E., & Andes, S.  (1996).  Evaluating firms in financial distress: An event 
history analysis.  Journal of Applied Business Research, 12(3), 60-72.  Retrieved on May 29, 2005, 
from ProQuest database. 
[12] Morris, R. C. (1997). Early warning indicators of corporate failure: A critical review of previous 
research and further empirical evidence.  Aldershot, England: Ashgate Publishing Limited. 
[13] Odom, M. D., and Sharda, R. (1990). A neural network model for bankruptcy prediction.  IJCNN 
International Joint Conference on Neural Networks 2, 163-168.   
[14] Ohlson, J. A. (1980). Financial ratios and the probabilistic prediction of bankruptcy.  Journal of 
Accounting Research 18(1), 109-131. 
[15] Pinches, G. 1980. Factors Influencing Classification Results from Multiple Discriminant Analysis. 
Journal of Business Research. 8, 429-456. 
[16] Tamari, M. (1978). Financial ratios: Analysis and prediction. London: Paul Elek Ltd. 
[17] Um, T. (2001). Determination of capital structure and prediction of bankruptcy in Korea. Doctoral 
dissertation, Cornell University, New York. (UMI No. 9995135). 
[18] White, G. I., Sondhi, A. C., and Fried, D. (1994). The analysis and use of financial statements. New 
York, NY: John Wiley and Sons, Inc. 
[19] Zavgren, C. V. (1983). The prediction of corporate failures: The state of art. Journal of Accounting 
Literature 2, 1-37. 
[20] Zavgren, C. V. (1985). Assessing the vulnerability to failure of American industrial firms: A 
logistic analysis.  Journal of Business Finance and Accounting 12(1), 19-45. 
